This study investigated the effect of feedlot production on lamb growth characteristics of three common South African breeds: Merino, South African Mutton Merino (SAMM) and Dorper. Lambs were supplied with a balanced diet (16% crude protein, 9.41 MJ ME/kg feed) ad libitum and had free access to water. Lambs from each breed were divided into six groups. One group of each breed was slaughtered every three weeks until 105 days under feedlot production were reached. The weights of the lambs were recorded weekly, along with feed intake, to obtain the individual daily intake, average daily gain (ADG) and feed conversion ratio ( The results confirm that the Merino is a late maturing breed that is recognised for its wool rather than meat production, and therefore exhibits weaker growth characteristics. The SAMM is a dual-purpose breed that has also been selected for growth and meat production, and therefore exhibits desirable production characteristics, while the Dorper is an early maturing breed that deposits localized fat at an earlier age as it grows, thereby producing fatter carcasses than SAMM and Merino lambs. Therefore, Dorper lambs should be slaughtered at lower live weights so that carcasses are not graded as over-fat. ______________________________________________________________________________________
Introduction
Animal growth is defined as an increase in bodyweight that is achieved by hypertrophy and hyperplasia until a mature size is reached, accompanied by changes in body conformation (Lawrie, 1998) . Mature size is generally regarded as the point of maximum muscle mass at which the level of fat deposition increases (Owens et al., 1993) . Although genotype is the main dictator of lamb growth potential, growth rate and development can be manipulated by environmental and nutritional factors (Aberle et al., 2001) . Feedlot diets are designed to maximize growth rate and minimize the number of days on feed (Notter et al., 1991) . The higher energy content in concentrate rations is responsible for this effect (Sanchez & Alfonso, 1998) , leading to a superior ADG compared with lambs produced on pasture (Priolo et al., 2002) . In small ruminants, the level of feed intake is determined and regulated by dietary energy density (Lu & Potchoiba, 1990) .
In this study, early, medium and late maturing sheep breeds that are common in South Africa were finished under feedlot conditions. The late-maturing Merino is a wool-type breed that can produce a carcass with good conformation and fat cover, because of adaptations in their breeding strategy for an improved meat production capability (Olivier, 1999) . The SAMM is a medium-maturing mutton-wool sheep (80 mutton : 20 wool), which is able to produce slaughter lambs with high growth rates at an early age with excellent meat quality attributes (Cloete et al., 2004) . The SAMM has an excellent FCR (Sheridan et al., 2003) and is therefore a popular breed in feedlot production systems (Neser et al., 2000) . The Dorper is an early maturing mutton breed that produces fast growing lambs with good carcass quality characteristics (Schoeman, 2000) . Therefore it tends to put on more localized fat at an earlier age than late maturing breeds. In South Africa, all three breeds are commonly finished off under feedlot conditions. However, the industry tends to slaughter sheep after a fixed number of days in the feedlot rather than when they reach a predetermined level of subcutaneous fat. More research is required to indicate to the industry whether breed needs to be considered when deciding at what stage to slaughter feedlot finished lambs.
Materials and Methods
Lambs for the studies were obtained from the experimental flocks of Western Cape Department of Agriculture, which vary in size. Hence, the groups housed in the trial had unequal numbers. Merino, SAMM and Dorper lambs were finished off under feedlot conditions and slaughtered at different ages. In 2007 groups of 113 Merino lambs, 126 SAMM lambs and 29 Dorper lambs were housed at Elsenburg Experimental Farm under feedlot conditions. Data were collected in 2008 from a group of 105 SAMM lambs. It was decided to repeat the trial for SAMM lambs in 2008 to confirm the results obtained in 2007. Because feed resources were insufficient in 2008, the lambs were weaned at about 141 days old, compared with 2007, when they were weaned at about 122 days, to ensure that lambs attained a desirable weaning weight. All lambs were vaccinated against pulpy kidney (Clostridia perfringes D) and drenched against internal parasites before entering the feedlot.
Lambs were allocated randomly to pens in the feedlot, and were not subjected to an adaptation period. The lambs were fed a commercially available balanced diet (16% crude protein, 9.41 MJ ME/kg feed) individually on an ad libitum basis and had free access to water. The physical and chemical compositions of the trial diet are shown in Table 1 . Individual lamb weights were recorded at the beginning of each week to determine ADG. Fresh feed was weighed and provided daily to the lambs. At the end of each week, refusals were weighed back to determine individual feed intake. 
ME-Metabolisable energy
The lambs were randomly divided into six slaughter groups at the initiation of the feedlot trial. The control group was not housed in the feedlot as these lambs were slaughtered at weaning. Thereafter, a group of lambs were slaughtered at a commercial abattoir every 21 days. The last groups of Dorper and SAMM lambs were slaughtered after 105 days under feedlot conditions and after 98 days for the Merino lambs. Each slaughter group was weighed 24 hours prior to slaughter. This weight was used as the animal's final slaughter weight. Lambs were kept in lairage at the abattoirs for 18 hours before slaughter to allow sufficient resting time and water was provided ad libitum. Lambs were stunned electrically, slaughtered with standard South African techniques and classified according to age and backfat thickness (Cloete et al., 2008) . Carcass weight was recorded 48 hours post mortem, excluding the kidneys and renal fat. The subcutaneous fat depth was measured on the longissimus lumborum, after the carcasses had been butchered at a deboning facility. The fat depth was measured with an electronic calliper at the 13th rib (Gilmour et al., 1994) 25 mm from the midline of the spine.
Results
Feedlot production and slaughter data were collected for the three breeds and are presented in Tables  2 to 5 . Live weight, carcass weight and subcutaneous fat depth increased with time spent in the feedlot for all breeds. 
ADG-Average daily gain FCR-Feed conversion ratio
The highest ADG observed for Merino lambs was 0.337 kg/day after 21 days in the feedlot ( Table 2) . As time spent under feedlot conditions increased, ADG was seen to decrease, while the FCR tended to increase as the animals became older. The dressing percentage of the carcasses also tended to increase with time spent in the feedlot. For the SAMM 2007 production group, general increases in daily feed intake and ADG were observed. Dressing out percentage also tended to increase up to 84 days in the feedlot. The high FCR value of 10.3 observed for the group slaughtered after 21 days in the feedlot may be as a result of complications with animals adapting to the feedlot diet. The starting weight of the SAMM 2008 lambs was lower than that of the SAMM 2007 lambs because feed resources were more abundant in 2007, which resulted in the 2007 lambs attaining heavier weaning weights at a younger age. For the SAMM 2008 production group feed intake, FCR and subcutaneous fat depth tended to increase with time spent in the feedlot, while ADG generally decreased (Table 4 ). The dressing percentage of the SAMM 2008 carcasses tended to increase up until 63 days in the feedlot, similarly to that of the SAMM 2007 production group at 84 days (Table 3) . However, the dressing percentages for the last two slaughter groups were much lower than those observed in 2007 production group. For the Dorper group, ADG and subcutaneous fat depth tended to increase with time in the feedlot. The Dorper lambs exhibited a high degree of fat deposition, indicated by the depth of subcutaneous fat on the longissimus lumborum muscle.
Regression equations were developed to describe the changes in slaughter weight, ADG and feed intakes of the lambs with time spent in the feedlot, and are shown in Tables 6 to 8. The weights of the lambs at slaughter were seen to increase linearly, with high R 2 coefficients of determination for all production groups (Table 6 ). Quadratic regressions were found to be better suited to describing the change of ADG with days spent in the feedlot (Table 7) . When differentiating the sigmoidal growth curve of an animal to obtain the slope or change in ADG, the differential typically results in a bell-shaped curve characteristic of a quadratic function. ADG increases from birth until a maximum point is reached, representing when the animal reaches the point of inflection on its growth curve, after which the growth rate decreases as the animal nears its mature live weight (Emmans, 1989) . The negative values of the b parameters for the regressions of the Merino and SAMM 2008 lambs indicate that the ADG of lambs in these production groups tended to show a decrease with days in the feedlot. Quadratic regressions were also fitted to describe the changes in feed intake with time spent in the feedlot for lambs in the various production groups (Table 8) . It can be seen that feed intake increased during the trial periods for all of the production groups, as indicated by the positive values of the b parameters. 
Discussion
A decrease in ADG was seen in Merino lambs during the experimental period. The Merino is a wool sheep and will not grow as efficiently under feedlot conditions as the SAMM or Dorper lambs. The initial high ADG seen in the group slaughtered after 21 days may be as a result of compensatory growth exhibited by the lambs on receiving the concentrate diet (Sainz et al., 1995) . The dressing percentages of the Merino lambs were also low compared with those of the other production groups. The average dressing percentage of Merino lambs was found to be 43.9%, Snyman & Herselman (2005) reported dressing percentages of 44.8% and 44.5% for grazing Merino lambs, while Van de Vyver et al. (2013) found dressing percentages that varied between 42.0% and 47.0%. This signifies that the Merino is not such an efficient meat producing breed under feedlot conditions as the SAMM or Dorper.
The SAMM 2008 group had an ADG of 0.350 kg/lamb/day and the 2007 group 0.291 kg/lamb/day. Sheridan et al. (2003) found similar daily gains for SAMM on a high energy diet after 28 and 56 days (0.330 kg/lamb/day and 0.281 kg/lamb/day, respectively). The findings of Price et al. (2009) resembled these findings, namely 0.298-0.340 kg/day, while Brand et al. (2001) found lower daily gains of 0.229-0.267 kg/day. The difference in ADG between the two SAMM production years may be because of the difference in average age at weaning. The SAMM 2007 lambs had an average weaning age of 122.3 ± 0.65 days and weighed on average 35.5 ± 0.46 kg, whereas the SAMM 2008 lambs had an average weaning age of 141.0 ± 0.85 days and weighed 30.0 ± 0.43 kg. Therefore, the SAMM 2008 production group had spent a longer period on grazing pasture before being weaned and placed in the feedlot than the 2007 production group. This may have had a positive effect on the development of their gastrointestinal tract, as they had a superior ADG on entering into the feedlot. Priolo et al. (2002) also found that lambs that were reared on grass or had grazed for longer had a higher dry matter intake, and therefore a more developed digestive tract. The initial high ADG could also be ascribed to compensatory growth by the 2008 group. The intake of higher quality feed, increased feed intake, lower maintenance requirements (because of restricted movement) and more efficient use of available nutrients, are all factors that can be associated with compensatory growth (Atti & Ben Salem, 2008) , leading to higher growth rates early in the feeding period.
The Dorper breed is an early maturing breed, known for its outstanding growth potential under both extensive and intensive feeding regimes (Schoeman, 2000) . On average, the Dorper lambs grew at a rate of 0.274 kg/day, which is higher than the rate of 0.220-0.230 kg/day found by Fourie et al. (2009) . Dorper lambs tend to put on more localized fat at an earlier age than later maturing breeds, which can be seen as a disadvantage that is amplified by intensive feeding regimes (Claasen, 2008) , thus producing fatter carcasses, which are less desirable. These fatter carcasses result in the higher dressing percentages seen in Dorper lambs of 45.5% and 46.8% reported by Snyman & Herselman (2005) . Therefore, Dorper lambs are slaughtered at lower live to avoid carcasses being classified as over-fat (Cloete, 2000) .
Feed intake was found to increase with age for all the production groups, with quadratic functions fitted to describe the changes with days in the feedlot. A quadratic regression, however, cannot be extrapolated to describe the trends of feed intake outside these feeding periods, as feed intake is expected to increase as the animal grows, and then levels off as the animal nears mature body weight. In contrast, a quadratic function returns to its original starting value, which is not the case with the trend in feed intake, as an animal does not consume less feed as it grows in size. However, the application of quadratic equations to describe the changes in feed intake for these production groups exhibit high R 2 values, indicating that most of the variation is accounted for by the models, and so fits the data well. The average feed intake over the slaughter groups for the Merino lambs was found to be 1.557 kg/lamb/day, while feed intake for the other breeds was found to be higher than 1.800 kg/lamb/day. Van de Vyver et al. (2013) , reported dry matter intakes ranging from 0.91 to 1.57 kg/day for Merino lambs with varying levels of maize silage being included in the diets. Brand et al. (2001) reported feed intakes varying between 1.193 and 1.304 kg/day, while Price et al. (2009) found that the feed intake of SAMM lambs varied between 1.379 and 1.559 kg/day. Sheridan et al. (2003) found that the feed intake of SAMM lambs fed feedlot diets varied between 1.746 and 1.893 kg/day. The level of feed intake depends on the chemical composition and physical form of the diet, and the size of the animal (Lu & Potchoiba, 1990) . These factors influence the amount of feed a lamb can consume, with greater quantities being converted into increased growth.
The SAMM 2007 lambs achieved a high initial FCR of 10.3 kg feed/kg weight gain. This can be attributed to complications from adapting to the finisher diet supplied during the trial. As the rumen environment has evolved to ferment roughage-based diets, it must be adapted gradually to concentrate diets to prevent the occurrence of metabolic diseases because of the build-up of lactic acid in the rumen (Brown et al., 2006) . The FCR for the Dorper lambs remained relatively constant throughout the production period, while the Merino and SAMM 2008 lambs attained lower FCRs than the other groups. Even though the SAMM 2008 and Merino groups presented the lowest FCRs, the FCR for these two groups tended to increase during the feeding period. This can be seen with the increase in the level of feed intake (Table 8) , with a decrease in growth rate exhibited by these production groups (Table 7) . The result is an increase in FCR, making feeding less efficient in these periods. Sheridan et al. (2003) found that SAMM lambs achieved an FCR of 5.56 after 28 days under feedlot conditions, which is similar to that achieved by the SAMM 2008 and Merino lambs. Brand et al. (2001) , reported an FCR for SAMM lambs ranging from 4.8 to 5.9, while Price et al. (2009) found lower FCRs of 4.51-4.74. It is possible that the Dorper lambs were already depositing fat rather than muscle and it is known that the FCR of animals increase (become less efficient) as the growth rate of the early maturing breed decreases (Mahgoub et al., 2000) , as it nears its mature bodyweight (Lawrie, 1998) , although the growth rate of the Dorper lambs in this instance still tended to increase with the number of days in feed. Dorper lambs displayed a relatively high average FCR (7.5 kg feed/ kg weight gain). This may be because Dorper lambs deposit fat at a younger age, and the breed has been developed for arid extensive regions (Cloete et al., 2000) , and may not be well adapted to consuming a high-grain low-fibre diet. The Merino showed a favourable average FCR, but the FCR increased with time in the feedlot, which shows that it is not as efficient as a meat-producing breed under feedlot conditions. According to the South African carcass classification scheme (National Department of Agriculture, 1990) , carcasses from lambs with fewer than two permanent incisors with a lean to medium degree of fatness are considered to have the greatest economic value. A measure of the degree of carcass fatness is taken to be the subcutaneous fat depth on the longissimus lumborum muscle. A lean to moderately fat carcass is described as having subcutaneous fat depth ranging between 1 mm to 7 mm (National Department of Agriculture, 1990) . From these trials it can be seen that Merino lambs could be finished for up to 98 days (weighing less than 51.2 kg) before being classed as too fat. SAMM 2007 lambs could finished for up to 84 days before achieving a subcutaneous fat depth greater than 7 mm. However, the SAMM 2008 lambs had a higher fat depth at 84 days compared with the 2007 lambs (9.3 mm versus 7.5 mm). This could be expected because the SAMM 2008 lambs were weaned at an older age than the SAMM 2007 lambs, although after a feeding period of 84 days the slaughter weight of lambs from both years was about 59 kg. Dorper lamb carcasses exceeded the moderately fat class limit after 63 days in feed (10.9 mm), which is considered over-fat. This confirms the statement by Cloete et al. (2000) that Dorper lambs should be slaughtered at lower live weights, possibly closer to 43.3 kg (42 days) rather than 51.3 kg (63 days) to avoid carcasses being classed as over-fat, which would result in them having lower market value.
Conclusion
From this study, it can be seen that Merino lambs entering the feedlot at an age of 109 days achieved superior ADG and FCR after 21 days in the feedlot. To obtain heavier carcasses, Merino lambs may be finished for up to 98 days in the feedlot, weighing about 51 kg, to obtain an ideal lamb carcass. However, the FCR of merino lambs increases after 63 days, making production less efficient. It is recommended that SAMM lambs should be marketed for slaughter after 63 days in the feedlot (ca 52 kg) to achieve the required carcass classification, and still show favourable production characteristics. On the other hand, Dorper lambs should probably be marketed soon after 42 days in the feedlot, or at a market weight of about 43 kg, so that the carcasses are not classified as over-fat. These findings serve as a guide to feedlot lamb production and should be considered with current market prices to make an informed decision on the optimal production period.
